Unexplained fever is one of the most common and difficult diagnostic problems faced daily by clinicians. This study evaluated the differences in health service utilization, health care expenditures, and quality of care provided to patients with unexplained fever before and after global budget (GB) implementation in Taiwan.
Introduction
Unexplained fever represents as one of the most common and difficult diagnostic problems encountered daily by clinicians; it is a febrile illness without an initially obvious etiology. [1, 2] When unexplained fever prolongs despite intensive evaluation and diagnostic testing, clinicians refer to it as fever of unknown origin (FUO). [3] Earlier, FUO was defined as a fever of ≥38.3°C lasting for ≥3 weeks with undiagnosed etiology even after 1 week of intensive hospital testing. [1] Physicians specializing in infectious diseases have redefined FUO as the fever of ≥38.3°C lasting for ≥3 weeks with undiagnosed etiology after 3 days of in-hospital testing or during ≥2 outpatient visits. [4] [5] [6] For pediatric FUO, the generally accepted definition is, a fever lasting 1-3 weeks without positive preliminary investigations or without a diagnosis after three outpatient clinic visits. [7, 8] FUO can be divided into following four general categories based on the etiology of fever: infection, rheumatic-inflammatory, neoplastic, or miscellaneous. [9] Infectious diseases account for approximately one-third of FUO. The most common infections associated with FUO are miliary tuberculosis (TB), Q fever, and brucellosis, followed by human immunodeficiency virus (HIV); cytomegalovirus (CMV); Epstein-Barr virus; intra-abdominal, pelvic, intranephric and perinephric abscess; typhoid or enteric fever; toxoplasmosis; and extrapulmonary TB. Notably, in 75% of the HIV patients, FUO is results from secondary infection, rather than from the HIV infection. [10] Furthermore, rheumatologic and inflammatory disorders, such as rheumatoid arthritis, systemic lupus erythematosus, giant cell/temporal arteritis, adult Still disease, periarteritis nodosa, and microscopic polyangiitis, account for another one-third of FUOs. [10] Moreover, FUOs due to neoplasms and malignancies account for 18% of all FUOs; of them, renal cell carcinoma and lymphoma are the most common neoplasms, followed by acute myeloid leukemia and myeloproliferative disorders. [10] The remaining causes of FUO are miscellaneous disorders, including drug fevers, liver cirrhosis, Crohn disease, and subacute thyroiditis. [10] FUO, a challenge for physicians to diagnose and manage currently, represents approximately 3% of hospital admissions, with morbidity caused by prolonged hospital stay, and mortality rates accounting 12%-35%. Furthermore, FUO is associated with repeated invasive investigations, presumptive treatment, and a high impact on health care systems due to unnecessary and additional laboratory tests and medications. [10, 11] Over 200 causes for FUO have been reported. [10] Relatively few infectious diseases have the potential to cause prolonged fever; therefore, patients with prolonged and perplexing fevers, in whom the infection has been ruled out, pose a diagnostic challenge. [12] Moreover, fever is one of the most common reasons for outpatient visits of children and visits to emergency department (ED). [13] Difficulty in diagnosing FUO also makes its treatment difficult. Empirical antibiotics cannot be indicated unless the patient with FUO is neutropenic. In addition, empiric glucocorticoids cannot be indicated without a strong evidence of rheumatologic disease. [14] Recurrent FUO, which is a strong independent predictor of unestablished diagnosis, represents 18%-42% of the cases in large series. In addition, a final diagnosis can be established in only 49% of patients with recurrent FUO. [15] [16] [17] [18] [19] [20] [21] A comprehensive and careful history-taking as well as examination by physician and exhaustive laboratory testing have are required for a focused diagnostic evaluation of FUO. [4] The diagnostic approaches for FUO include medical historytaking, physical examination, laboratory tests, and imaging studies. The etiologies of fever may be approached in terms of their height, fever pattern, and duration. Most studies have stressed on the significance of a complete history and comprehensive physical examination. In case of infectious FUO, fever is often accompanied by chills, night sweating, weight loss without loss of appetite, rigors, exudative tonsillitis, or splenomegaly. In general, the longer the FUO remains undiagnosed, the more likely it is to have a noninfectious etiology. [22] A patient presenting with B-symptoms and significant weight loss might have a neoplasm or malignancy as the cause of the FUO. By contrast, joint involvement may indicate rheumatologic disorders. [10, 23] Laboratory testing includes complete blood count, three sets of blood cultures, erythrocyte sedimentation rate, complete metabolic panel, urinalysis, urine culture, tuberculin skin test, and tests for biomarkers (such as antinuclear antibodies, rheumatoid factor, CMV immunoglobulin M, HIV antibodies, and heterophile antibodies) in children and young adults. Moreover, imaging techniques include chest radiography, computed tomography (CT), and radionuclide scanning. [24] FUO is associated with broad differential diagnosis leading to a wide range of potential diagnostic and therapeutic costs. However, little is known regarding the hospitalization costs for patients with FUO. Recent studies have reported high hospitalization charges for FUO (US$25,000-US$180,000). [25, 26] The National Health Insurance (NHI) program, the backbone of the health care system in Taiwan, is the major source of health financing and covers 99% of the population of Taiwan. National health care expenditure in Taiwan increased from 5.3% in 1995 to 6.0% in 2001 of the gross national product. The NHI operated on a fee-for-service (FFS) basis and as a result health care spending increased by approximately 50% from 1995 to 2001. To prevent unlimited and rapid growth of spending on health care, the Bureau of NHI (BNHI) implemented the global budget (GB) system to modify the FFS mechanism in 2002. The GB in Taiwan is an overall spending target, designed to limit the volume of service and its total price. [27] [28] [29] [30] [31] Here, we evaluated the differences in health service utilization, health care expenditures, and quality of care among patients with unexplained fever before and after GB system implementation by using NHI Research Database (NHIRD) data.
Materials and methods
This was a pre-post comparison study. The study was based in part on data from NHIRD provided by BNHI, Department of Health and managed by the National Health Research Institutes (NHRI). The database contains the registration files and original claims data for reimbursement. The NHIRD is provided to scientists in Taiwan for research purposes. Each year, the BNHI collects data from the NHI program and sorts it into data files. These data files are de-identified by scrambling the identification codes of both patients and medical facilities and then sent to NHRI to form the original files contained in the NHIRD. [32] Based on the registration files and original claims data in the NHIRD, specific data subsets can be re-constructed for research purposes. The registration datasets, systemic sampling inpatient expenditures by admissions (DD file) and systemic sampling ambulatory care expenditures by visits (CD file) were used in this study. The interpretation and conclusions contained herein do not represent those of BNHI, the Department of Health, or NHRI. [32] 2.1. Systemic sampling CD and DD files 0.2% of the ambulatory care expenditures, by visit, CD file extracted by systematic sampling method on a monthly basis, together with the related records in details of ambulatory care orders form the Systematic Sampling CD file. 5% of the inpatient expenditures, by admission, DD file extracted by systematic sampling method on a monthly basis, together with the related records in details of inpatient orders form the Systematic Sampling DD file. [32] A total of one million cases of systemic sampling dataset were used in this study. It has been reported that SARS had an impact on health care utilization. [33] Therefore, data from 2003 was not used in this study.
Study population

Charlson comorbidity index
A score of 1 was added when the subjects had co-morbid myocardial infarction, congestive heart failure, peripheral vascular disease, cerebrovascular disease, dementia, chronic pulmonary disease, connective tissue disease, peptic ulcer disease, mild liver disease, or diabetes without end-organ damage. A score of 2 was added when the subjects had co-morbid hemiplegia, moderate or severe renal disease, diabetes with end-organ damage, tumor without metastases, leukemia, or lymphoma. A score of 3 was added when the subjects had co-morbid moderate or severe liver disease. A score of 6 was added when the subjects had co-morbid metastatic solid tumors or acquired immunodeficiency syndrome. The total score was obtained by adding the relative weight of all comorbidities. For each decade > 40 years of age, a score of 1 is added to the sum of the abovementioned scores. [34] [35] [36] [37] 
Income state index
In Taiwan, health insurance premiums are calculated as a percentage of an individual's monthly salary. There were seven income levels in this study, Levels 0∼6 [37] (Table S1 , http://links. lww.com/MD/D225).
Ethics Statement
The NHIRD encrypts patient personal information to protect privacy and provides researchers with anonymous identification numbers associated with relevant claims information, including sex, date of birth, medical services received, and prescriptions. Patient consent is not required to access the NHIRD. This study was approved by the Institutional Review Board (IRB) of China Medical University (CMU-REC-101-012). The IRB specifically waived the consent requirement.
Data Availability Statement
All data and related metadata were deposited in an appropriate public repository. The data on the study population that were obtained from the NHIRD (http://w3.nhri.org.tw/nhird// date_01.html) are maintained in the NHIRD (http://nhird.nhri. org.tw/). The NHRI is a nonprofit foundation established by the government.
Statistical analysis
Data are described as mean ± standard deviation. The t test was used to compare the differences in mean values. Multilevel and generalized linear model were employed to determine the impact of several independent variables.
Multilevel and generalized linear model were employed to determine the impact of several independent variables on LOS, diagnostic costs, drug costs, therapy costs, total costs, the risk of revisiting the ED within 3 days, and the risk of being readmitted within 14 days after discharge.
There were two nested levels in this study: hospital accreditation levels and regional levels. There are three accreditation hospital levels in Taiwan: medical centers, regional hospitals, and local hospitals. Taiwan is divided into six geographical areas that include Taipei city, northern Taiwan, central Taiwan, southern Taiwan, Kaoshiung, and eastern Taiwan. The independent variables evaluated in this study included pre-post GB, age, gender, income state index, Charlson comorbidity index, the three hospital levels, and the six geographic areas in Taiwan.
All statistical analyses were performed using the statistical package STATA for Windows (version 11.0). A P-value of .05 was considered to represent statistical significance.
Results
Data on 259 patients with unexplained fever (133 pre-and 126 post-GB) were analyzed in this study. The mean ages of subjects before and after GB were 15.62 ± 1.94 years and 19.10 ± 2.28 years, respectively. In the pre-budget group, 57% of subjects were male and in the post-budget group, 61% of subjects were male. The mean income state indexes before and after GB were 0.74 ± 0.14 and 0.75 ± 0.13, respectively. The mean Charlson comorbidity index before and after GB were 0.26 ± 0.07 and 0.38 ± 0.09, respectively. There were no significant differences in age, male to female ratio, or income state index before and after implementation of the GB system (P = .06, P = .20, P = .89). However, there was a significant difference in Charlson comorbidity index before and after GB (P = .04) ( Table 1) .
The mean LOS before adoption of the GB was 4.22 ± 0.35 days and the mean LOS after implementation of the system was 5.29 ± 0.70 days. The mean diagnostic costs before and after the GB system went into effect were NT$1,440.05 ± 97. 43 4, 196 .28 after the system went into effect. The mean 3-day ED revisiting rate decreased from 10.5% ± 2.7% at baseline to 6.3% ± 2.2% after adoption of the GB system. The mean 14-day readmission rates before and after GB were 8.3% ± 2.4% and 4.0% ± 1.7%, respectively. There were significant differences in LOS, diagnostic costs, therapy costs, total costs, 3-day ED revisiting rate, and 14-day readmission rate before and after implementation of the GB system among patients with www.md-journal.com unexplained fever (P = .03, P = .001, P < .001, P = .01, P = .02, P = .04, respectively). There was no significant difference in drug costs before and after the GB among patients with unexplained fever (P = .19) ( Table 2 ).
Length of stay (LOS)
A generalized linear Poisson model was used for clustered count data analysis. [38] The Poisson regression model was fitted using option IRR (incidence-rate ratio) to obtain exponential estimates.
The GB system did not have a significant impact on LOS (IRR = 1.27, P = .34). In addition, gender was not a significant predictor of LOS (IRR = 0.88, P = .64). There was a significantly positive correlation between age, Charlson comorbidity index, and LOS (IRR = 1.03, P = .01; IRR = 8.24, P < .001, respectively). There was no significant correlation between income state index and LOS (IRR = 0.95, P = .61). LOS did not differ significantly between patients treated at medical centers and those treated at local hospitals (IRR = 1.08, P = .83). However, patients treated at regional hospitals had a significantly shorter LOS than those treated at medical centers (IRR = 0.54, P = .04). (Table 3 ).
Diagnostic costs
A generalized linear model was used for analysis. Because diagnostic costs were skewed to the right, data were converted to log base 10 for statistical analysis. The GB system had a significantly positive impact on diagnostic costs (b = 0.14, P = .002). Neither gender nor income state index was significantly correlated with diagnostic costs (b = 0.03, P = .57; b = 0.03, P = .12, respectively). There was a significantly negative correlation between age and diagnostic costs (b = À0.01, P = .003), and a significantly positive correlation between Charlson comorbidity index and diagnostic costs (b = 0.20, P < .001). There were no significant differences in diagnostic costs between regional hospitals and medical centers or local hospitals and medical centers (b = 0.01, P = .91; b = 0.05, P = .42, respectively). Compared with hospitals in Taipei city, there were no significant differences in diagnostic costs among hospitals located in northern Taiwan, central Taiwan, southern Taiwan, Kaoshiung city, or eastern Taiwan (b = 0.03, P = .69; b = 0.002, P = .97; b = 0.01, P = .90; b = À0.04, P = .64; b = À0.07, P = .49, respectively) ( Table 4 ). 
Drug costs
A generalized linear model was used for analysis. Because drug costs were skewed to the right, data were converted to log base 10 for statistical analysis. GB had a significantly negative impact on drug costs (b = À0.25, P = .002). There was a significantly positive correlation between age and drug costs (b = 0.01, P = .003), but there was no significant correlation between gender, income state index or Charlson comorbidity index and drug costs (b = À0.01, P = .91; b = À0.02, P = .56; b = 0.11, P = .24, respectively). There were no significant differences in drug costs between regional hospitals and medical centers or local hospitals and medical centers (b = À0.11, P = .23; b = 0.08, P = .50, respectively). Compared with hospitals in Taipei city, there were no significant differences in drug costs among hospitals in northern Taiwan, central Taiwan, southern Taiwan, Kaoshiung city, or eastern Taiwan (b = 0.24, P = .08; b = 0.03, P = .79; b = 0.005, P = .97; b = 0.01, P = .94; b = À0.31, P = .08, respectively) ( Table 4 ).
Therapy costs
A generalized linear model was used for analysis. Because the therapy costs were skewed to the right, data were converted to log base 10 for statistical analysis. GB had a significantly positive impact on therapy costs (b = 0.51, P = .001). There was no significant correlation between gender or income state index and therapy costs (b = À0.27, P = .07; b = À0.004, P = .94, respectively). There was a significantly negative correlation between age and therapy costs (b = À0.05, P < .001) and a significantly positive correlation between Charlson comorbidity index and therapy costs (b = 1.07, P < .001). There were no significant differences in therapy costs between regional hospitals and medical centers or local hospitals and medical centers (b = À0.02, P = .91; b = 0.03, P = .87, respectively). Compared with hospitals in Taipei city, there were no significant differences in therapy costs among hospitals in northern Taiwan, central Taiwan, southern Taiwan, Kaoshiung city, or eastern Taiwan (b = 0.40, P = .11; b = À0.06, P = .79; b = À0.004, P = .98; b = À0.13, P = .62; b = À0.22, P = .49, respectively) ( Table 4 ).
Total costs
A generalized linear model was used for analysis. Because the total costs were skewed to the right, data were converted to log base 10 for statistical analysis. GB had a significantly positive impact on total costs (b = 0.10, P = .03). There was no significant correlation between gender, age or income state index and total costs (b = 0.02, P = .65; b = À0.002, P = .45; b = 0.01, P = .46, respectively), but there was a significantly positive correlation between Charlson comorbidity index and total costs (b = 0.17, P = .001). There were no significant differences in total costs between regional hospitals and medical centers or local hospitals and medical centers (b = 0.01, P = .90; b = 0.53, P = .42, respectively). Compared with hospitals in Taipei city, there were no significant differences in total costs among hospitals in northern Taiwan, central Taiwan, southern Taiwan, Kaoshiung city, or eastern Taiwan (b = 0.08, P = .33; b = 0.01, P = .92; b = 0.02, P = .78; b = 0.09, P = .31; b = À0.05, P = .62, respectively) ( Table 5 ). The impact of several independent variables on diagnostic costs, drug costs and therapy costs in the patients with unexplained fever (Generalized linear model). Table 5 The impact of several independent variables on total costs in the patients with unexplained fever (Generalized linear model). 
Risk of revisiting the ED within 3 days
A generalized linear binary regression model was used for analysis. GB did not have a significant impact on the risk of revisiting the ED within 3 days (OR = 0.58; P = .25). There was no significant correlation between age, gender, income state index or Charlson comorbidity index and the risk of revisiting the ED within 3 days (OR = 1.04, P = .06; OR = 1.28, P = .61; OR = 1.10, P = .50; OR = 0.43, P = .10, respectively). In addition, there were no significant differences in the risk of revisiting the ED within 3 days between regional hospitals and medical centers or between local hospitals and medical centers (OR = 2.07, P = .20; OR = 3.02, P = .10, respectively). Compared with hospitals in Taipei city, there were no significant differences in the risk of revisiting the ED within 3 days among hospitals in northern Taiwan, central Taiwan, southern Taiwan, Kaoshiung city, or eastern Taiwan (OR = 0.18, P = .12; OR = 0.50, P = .31; OR = 0.56, P = .44; OR = 1.17, P = .82; OR = 1.21, P = .83, respectively) ( Table 6 ).
Risk of readmission within 14 days
A generalized linear binary regression model was used for analysis. GB did not have a significant impact on the risk of being readmitted within 14 days (OR = 0.51; P = .24). There were no significant correlations between age, gender, income state index, or Charlson comorbidity index and the risk of readmission within 14 days (OR = 1.02, P = .28; OR = 0.98, P = .98; OR = 0.87, P = .54; OR = 0.55, P = .32, respectively). No significant differences in the risk of readmission within 14 days were noted between regional hospitals and medical centers or between local hospitals and medical centers (OR = 1.63, P = .46; OR = 2.84, P = .18, respectively). Compared with hospitals in Taipei city, there were no significant differences in the risk of being readmitted within 14 days among hospitals in northern Taiwan, central Taiwan, southern Taiwan, Kaoshiung city, or eastern Taiwan (OR = 0.39, P = .30; OR = 0.35, P = .20; OR = 2.98EÀ08, P = .99; OR = 1.31, P = .70; OR = 0.50, P = .55, respectively) ( Table 6 ).
Discussion
Unexplained fever imposes additional burden on both the NHI system and patients. However, studies on hospitalization costs for patients with unexplained fever are limited. In this study, we investigated the impact of the GB system for patients with unexplained fever in Taiwan. The GB system was associated with significantly longer LOS of the patients with unexplained fever. After adjustments for other covariates, age and Charlson comorbidity index were independent LOS predictors. GB did not significantly affect LOS in patients with unexplained fever. Patients with unexplained fever in regional hospitals had a significantly shorter LOS than patients in medical centers. FUO is diagnosed less frequently in adults than in children; however, adult patients are more likely to be admitted and have longer LOSs. [39] The mean age of patients with unexplained fever in medical centers was 21.53 ± 2.50 years, whereas that of patients with idiopathic fever in regional hospitals was 16.63 ± 2.44 years. The mean Charlson comorbidity indexes in medical centers and regional hospitals were 0.37 ± 0.095 and 0.30 ± 0.093, respectively. Thus, the younger the age and the fewer the comorbidities, the shorter may be the LOSs in patients with unexplained fever in the regional hospitals. Infections are the main causes of FUO in children, [8, 25, 26, 40] including the children in Taiwan. [41, 42] Notably, a significant proportion of pediatric patients, accounting approximately 25%-30%, remain undiagnosed. [8, 25, 26, 40] However, in adults, the number of undiagnosed cases has been demonstrated to be more common than that of the infectious etiology cases. [15, 43] As fluorodeoxyglucose positron emission tomography (FDG-PET)/CT emerged in the end of 20th century, [44] it was applied for the diagnosis of FUO. Compared to conventional scintigraphic techniques, FDG-PET/CT has following advantages: higher resolution and higher sensitivity for anatomic localization of infectious, inflammatory, or neoplastic processes. [45] The workup of patients with FUO demonstrated that the diagnostic performance of 18 F-FDG-PET/CT is superior to 67 Ga singlephoton emission computed tomography (SPECT)/CT. [46] Furthermore, previous studies have suggested that using FDG-PET/ CT shortened the diagnostic work-up for FUO. [15, 47] A metaanalysis reported that PET and PET/CT had successfully localized the source of fever in 44% and 58% of the patients with classic FUO, respectively, after a series of unsuccessful investigations. [48] The major drawbacks are cost and accessibility; FDG-PET/CT costed £800, compared with £250 for a chest-abdomen-pelvis Table 6 The impact of several independent variables on the risk of revisiting ED within 3 days and the risk of re-admission within 14 days among the patients with unexplained fever (Generalized binary linear model).
Risk of revising ED within 3 days
Risk of re-admission within 14 days CT. However, this could be offset by earlier definitive treatment due to higher diagnostic sensitivity, which could reduce LOS with an average of £400 per day. [49] Therefore, FDG-PET/CT can aid in diagnosing FUO, particularly when diagnostic clues are absent. Diagnostic, therapy, and total costs incurred for treating patients with unexplained fever significantly increased after GB system implementation. After adjustments for other covariates, the GB system and Charlson comorbidity index was found to be positively correlated with increased diagnostic, therapy, and total costs. The increase in health care expenditures from 25.4% to 426.6% significantly exceeded the 2.2% growth in consumer price index for the same period in Taiwan (Table S2 , http://links. lww.com/MD/D225). The possible reasons for the higher costs include longer LOSs, additional comorbidities, and higher proportion of older individuals in the study population after GB system implementation (Table 7) . Moreover, salaries of physicians in Taiwan are calculated more or less on the basis of FFS. Therefore, physicians demonstrate a natural proclivity to maximize medical services to maximize their income; and the GB system does not provide an incentive for physicians to reduce the volume of medical care. Health care expenditures incurred by patients with unexplained fever did not differ between hospitals with different accreditation levels or in different geographic areas in Taiwan.
The risks of revisiting the ED within 3 days and readmission within 14 days significantly decreased after implementation of the GB system, which suggested that the quality of care was improved. However, after controlling other covariates, the GB was not associated with reduced risks of revisiting the ED within 3 days or readmission within 14 days. Furthermore, none of the tested variables were independent predictors of revisiting the ED within 3 days or being readmitted within 14 days for patients with unexplained fever. A possible reason this observation are the regulations for evaluating the quality of care in hospitals in Taiwan. BNHI has developed a series of plans structured to improve the quality of care while keeping costs under control. The plans offer incentives to health care providers by paying them based on clinical outcomes to care for overall wellbeing of patients. The risks of revisiting the ED within 3 days and readmission within 14 days are the two indicators used by BNHI to measure the quality of care. These two indicators are linked to the reimbursement rate at each hospital. The amount of reimbursement is reduced if the quality of care is determined to be poor. To safeguard against being penalized, all hospitals in Taiwan have made concerted efforts to reduce the 3-day ED revisiting and 14-day readmission rates. In this study, no difference in the risks of revisiting the ED within 3 days or readmission within 14 days between hospitals with different accreditation levels or between different geographic areas of Taiwan was noted.
This research has some limitations. First, the NHIRD data did not provide detailed information of patients regarding factors, such as their lifestyle, habits, socioeconomic status, and family history; all of which are possible confounding factors in this study. Second, the NHI claims registries are primarily used for administrative billing alone and thus are not verified for scientific purposes. The laboratory data and information regarding symptoms of patients were lacking, and therefore, discussion of these factors in relation to the GB system is not possible. Furthermore, because of the anonymity of the identification numbers, obtaining additional information by directly contacting the patients was not possible. The accuracy of medical coding in the claims data may affect the data validity. However, the diagnosis data in the NHIRD are highly reliable. The insurance system has mechanisms to monitor the insurance claims. Third, the conclusions derived from a cohort study are generally of lower methodological quality than those from randomized trials because a cohort study is subject to several biases and the necessary adjustments for confounding factors are required. Despite the meticulous design of this study and adequate control of confounding factors, biases associated with possibly unmeasured or unknown confounding factors can occur.
Conclusions
GB significantly increased LOS and incremental diagnostic, therapeutic, and total costs; however, the quality of care improved for patients with unexplained fever. A similar health policy can be applied in other countries to benefit more patients with unexplained fever.
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